We present a calculation of the blazar contribution to the extragalactic di use -ray background (EGRB) in the EGRET energy range. Our model is based on inverseCompton scattering as the dominant -ray production process in the jets of at spectrum radio quasars (FSRQs) and BL Lac objects, and on the uni cation scheme of radio-loud AGN. According to this picture blazars represent the beamed fraction of the Fanaro -Riley radio-galaxies (FR-galaxies).
INTRODUCTION
One of the most important results of the Energetic Gamma Ray Experiment Telescope (EGRET) in the eld of extragalactic astronomy is the con rmation of the existence of an isotropic di use -ray background and the determination of its spectrum over three decades of photon energy (Sreekumar et al. 1998 , Willis et al. 1996 ). An isotropic component of the di use -ray background emission was rst detected by the SAS 2 satellite (Fichtel et al. 1978 , Thompson & Fichtel 1982 . The improved sensitivity and spatial and energy resolution of EGRET compared to SAS 2 permit a much more detailed analysis of the EGRB than was possible with the earlier experiment, and thereby allow us to test scenarios for the origin of the EGRB in unprecedented detail.
The measurement of the EGRB by EGRET is based on the phase 1 to 3 summed skymaps of the whole sky except the regions along the galactic plane (jbj 10 o ) and the Galactic center (jlj 40 o and 10 o jbj 30 o ) (Sreekumar et al. 1998) . In this data set one nds 70 point sources with a signi cance 4 , 9 BL Lacs, 37 FSRQs and 24 so far unidenti ed sources. Though BL Lacs have on average a lower -ray ux compared to FSRQs, the Log N-Log Sdistributions of both source classes do not di er signi cantly. A Kolmogorov-Smirnov test gives a probability of 0.192 for their statistical identity.
After subtracting any instrumental and albedo background, the galactic di use emission, and all high-latitude point sources with a signi cance > 4 , one obtains the extragalactic background intensity. This procedure together with the results is discussed in detail in Sreekumar et al. (1998) . The integrated photon ux between 30 MeV and 100 MeV is I = (4:26 0:14) 10 ?5 photons cm ?2 s ?1 sr ?1 , and above 100 MeV it is I = (1:45 0:05) 10 ?5 photons cm ?2 s ?1 sr ?1 . This result is in accordance with the earlier c 0000 RAS SAS 2-measurements. The spectrum of the EGRB can be well described by a power law with photon spectral index = 2:10 0:03, where the uncertainty margin accounts for statistical uncertainties only.
The possibility of a truly di use background was studied in a number of models. Among them are primordial black hole evaporation (Page & Hawking 1976) , annihilation of supersymmetric particles (Silk & Srednicki 1984) or baryon-symmetric big-bang theories (Stecker et al. 1971 ). Most of these models seem to be in con ict with the observed spectrum of the EGRB, and only unresolved extragalactic sources appear to be a viable alternative.
One way of choosing between truly di use and point source origin of the EGRB is the study of spatial uctuations in the data. With this approach Willis (1996) found that between 5% and 100% of the EGRB may be caused by unresolved sources. Note, that this analysis is sensitive to all intensity variations in the background regardless of their nature.
Since the -ray spectra of Seyfert galaxies cut o sharply above 0:1 MeV (Cameron et al. 1993 , Lin et al. 1993 , this class of AGN will not contribute signi cantly to the background in the EGRET energy range . Instead, the recent detection of over 60 blazars by EGRET indicates that these objects are the most likely input from discrete sources. The -ray spectra of blazars seem to be well represented by power-laws with a photon spectral index 2 (i.e. Mukherjee et al. 1997 ). This harmonizes with the observed EGRB-spectrum described by a power law with photon spectral index ' 2:1 (Sreekumar et al. 1998 ), though the co-added spectrum of all observed blazars is somewhat softer than this and not very well represented by a power-law (Pohl et al. 1997 ).
The most common methods to estimate the contribution of radio-loud blazars to the EGRB are the integration of a scaled radio luminosity function (e.g. Stecker et al. 1996) , and the extrapolation of their Log N-Log S distribution to lower uxes by assuming a correlation and similar evolution behaviour between radio-and -ray wavelengths (Setti & Woltjer 1994) . Such estimates for the AGN contribution to the EGRB range from 10% to 100% of the observed intensity with a smaller fractional contribution from BL Lacs, normal and starburst galaxies (Setti & Woltjer 1994 , Erlykin & Wolfendale 1995 . However, a simple luminosity correlation between the radio and -ray emission of blazars is at least highly noisy if it exists at all (M ucke et al. 1997a ).
The direct derivation of the blazar luminosity function and its integration yields an estimate of the blazar contribution to the EGRB of 100% (Chiang et al. 1995) .
In this paper we follow a new ansatz for the modeling of the blazar contribution to the EGRB. There is strong evidence for relativistic beaming in EGRET-blazars (Dermer & Gehrels 1995) which implies that the orientation of the jet axis with respect to the line of sight plays a role as important as the -ray luminosity function in the jet frame itself.
Radio population studies (for a review see Urry & Padovani 1995) have provided us with information on the distribution of jet bulk Lorentz factors, on the luminosity function in the jet frame, and on the evolutionary behaviour of blazars and their parent class. Since the relevant radiation process for the GHz radio emission of blazars is synchrotron emission, the luminosity function in the jet frame is essentially a probability function for the power provided in the form of relativistic electrons. These particles are also considered responsible for the -ray emission, though the latter originates closer to the central massive object.
Here we combine the results of the radio population studies with a particular -ray emission model, namely external inverse-Compton scattering of accretion disk photons (Dermer & Schlickeiser 1993) . This approach has as input parameters essentially only the probability function for the source power of relativistic electrons, which we assume to be a power-law as in case of the radio sources. In other words, radio-loud and -ray loud AGN are considered as one and the same in principle; they share characteristics like the basic geometry, the bulk Lorentz factors, the energy input in the jet and so forth. The actual radiation processes at -ray and radio frequencies are di erent though, and they may also have di erent beaming behaviour (Dermer 1995) . We use a Monte-Carlo method to simulate the intensity of unresolved AGN and the ux and redshift distributions of resolved sources. The latter two can be compared with the observed distributions, and thus they constrain the former.
The paper is organised as follows: in the next section we describe our model; the interested reader may nd the analytical calculations in the appendix. We compare the model with the EGRET data in Sec.3, where we also derive an estimate for the background intensity caused by unresolved AGN. In Sec.4 we discuss our results and their consequences.
We use a Hubble constant of H0 = 75 km s ?1 Mpc ?1 and Deceleration parameter q0 = 0:5 throughout this work.
THE MODEL
According to the uni cation scheme of radio-loud AGN blazars are the beamed sub-class of Fanaro -Riley (FR) radio galaxies (i.e. Urry & Padovani 1995) . The most probable parent population of FSRQs are the Fanaro -Riley II (=FR II) radio galaxies, while the parent population of BL Lacs are the FR I radio galaxies (i.e. Padovani & Urry 1992; . Assuming a homogeneous distribution of viewing angles and an isotropic distribution of these objects throughout the universe, one would expect the -ray emission from radio galaxies observed under a large viewing angle and/or at a large distance to fall below the EGRET-sensitivity limit. The integration of the -ray intensity emitted by those blazars yields the pointsource contribution to the EGRB.
The template source spectrum
In this paper we base the calculation of the non-thermalray emission of blazars on the leptonic model of Dermer & Schlickeiser (1993) , henceforth referred to as DS, and their notation. The calculation of the template source spectrum includes the inverse Compton process of soft photons from the accretion disk (EIC), the (homogeneous) synchrotronself-Compton process (SSC) and the synchrotron process, but the EIC process is assumed to dominate the electron energy loss term and thus the electron equation of motion. For typical blazar parameters this is true for magnetic elds < 10 G and/or injected energies < 10 48 erg c 0000 RAS, MNRAS 000, 000{000 Figure 1 . Time averaged EIC-, SSC-and synchrotron-spectra for instantaneous injection of electrons (1) and a continuous injection into a moving plasma blob (2). Source parameters are: bulk Lorentz factor ? = 10, 1 = 10 2 , 2 = 10 6 , magnetic eld B=2G, injection height z i = 300 gravitational radii rg = GM BH c 2 , injected electron energy E in = 10 45 erg, viewing angle = 5 , M BH = 10 8 M , radius of the outmoving blob r b = 30rg, accretion disk luminosity L 0 = 10 44 erg/s, source distance = 1.2 Gpc.
(M ucke 1997b). For the accretion disk spectrum we consider a monochromatic approximation for the photon spectrum of a cool blackbody outer-disk accretion model (see DS; Shakura & Sunyaev 1973) . The detailed calculation of the time-integrated photon spectra expected for typical EGRET exposures is performed in Appendix A-D.
The original DS-model assumes a quasi-isotropic electron distribution in the jet system with the non-thermal electrons injected instantaneously at a height zi above the accretion disk. In addition to instantaneous electron injection at a xed height zi we also consider continuous injection of a ?2 electron spectrum into a moving plasma blob. The resulting electron spectrum is calculated by integrating the initial electron spectrum over injection height zi (see Appendix A). We assume that the injection rate decreases z ?3 i as the plasma blob moves out. For this choice of injection rate the equilibrium electron spectrum does not change with time. For a low-energy cut-o 1 > 1 the equilibrium electron spectrum follows a broken power law with Ne ?2 for < 1 and Ne ?3 for > 1. Fig.1 shows the time averaged EIC-, SSC-and synchrotron spectra of a typical EGRET-blazar for instantaneous and continuous electron injection according to a z ?3 i electron density pro le. In both cases the time-integration is performed over t = 10 6 sec, which is the typical duration of one EGRET viewing period (see Appendix B for details). While a break in the EIC-spectrum of the single blob case may also be caused by incomplete cooling, a spectral break in the case of continuous injection can only be due to a low-energy cut-o in the electron injection spectrum. For an injection spectral index s=2 the absolute change in the resulting EIC-photon spectrum is = 0:5, if the injection rate is / z ?3 i . In Appendix A we show that for other time pro les the spectral breaks can be di erent from = 0:5.
We also note that the SSC-spectra are harder than the EIC-spectra for electron injection spectral index s=2 since the synchrotron spectrum as the target photon spectrum for the SSC-process is harder ( ?1=2 ) compared to the soft photon spectrum of the accretion disk ( ?2=3 ) which is the seed photon spectrum for the EIC-process.
The total energy injected in the form of relativistic electrons is the same for both continuous and instantaneous injection, as shown in Eq.A3 and Eq.B1. The di erent ux levels for the two cases, despite the same total amount of injected energy, are caused by the di erent antenna patterns. Most of the luminosity is emitted when the blob is very close to the accretion disk, so that the antenna pattern is narrow and the Doppler beaming is very strong in forward direction. Instantaneous injection occurs in our model when the blob is further out at about 100 gravitational radii from the accretion disk. Then the target photons impinge the blob mostly from behind and the e ciency in forward direction is reduced.
Modeling
We use a Monte-Carlo method to model the Log N-Log S distribution of blazars and the redshift distribution of resolved sources. The intensity of the EGRB is then derived by appropriate integration of the Log N-Log S distribution. The available data give three constraints:
Our model should reproduce the Log N-Log S distribution for resolved BL Lacs and FSRQs
The relative numbers of observed BL Lacs and FSRQs (80:4 +13:3 ?13:2 % FSRQs and 19:6 +6:5 ?6:6 % BL Lacs) should be in agreement with the numbers of resolved objects in our model.
The redshift distribution of the resolved BL Lacs and FSRQs in our model should be in agreement with the observations.
We calculate the time-and energy integrated ux (from 100 MeV to 10 GeV) for BL Lacs/FR I and FSRQs/FR II according to the following distributions and input parameters:
The distribution of the viewing angles is uniform. Blazars and FR radio galaxies have the same distribution P(?) Negative evolution seems to be required at higher redshifts (Dunlop and Peacock 1990 , Hook et al. 1997 ). The exact evolution behaviour is not well determined due to the small number of high-redshift sources. Here we use a simple density evolution in the form of an abrupt cuto for two choices of maximum redshift, Zmax = 3 and Zmax = 5. Please note that -ray emission in the EGRET c 0000 RAS, MNRAS 000, 000{000 energy range is moderated by pair production on the IRbackground if it originates at redshifts Z > 3 (Stecker et al. 1992) , which would also lead to a redistribution of -ray luminosity emitted above 10 GeV into the EGRET energy range (Coppi and Aharonian 1997).
Relativistic particles are injected once per 10 6 sec. For simplicity we assume a distribution FR(Ein) for the injected energy according to the most common form of the radio luminosity function for FR-galaxies:
FR(Ein) = 0 10 40 erg ( E in 10 40 erg ) ? for Ein Ein;1.
From the radio studies we obtain BL Lac/FR I: ' 3 FSRQ/FR II: ' 3:9.
The low energy cut-o Ein;1 and the density normalization 0 will determine the log N-Log S distribution and the redshift distribution of each object class.
We use a smooth (sigmoidal) distribution between (0.6-1.5) 10 ?7 photons cm ?2 s ?1 of the EGRET sensitivity limit.
The following parameters are held xed: B=1G, injection height zi = 100rg for instantanous electron injection, radius of the blob rb = 30rg, mass of the Black Hole MBH = 10 8 M , integration time t = 10 6 sec starting at the innermost stable orbit of a Schwarzschild Black Hole of mass M (see Appendix B for details), luminosity of the accretion disk L0 = 10 44 erg/s and the power law index of the injected electron spectrum of s = 2.
The low energy cut-o Ein;1 and the normalization 0 of the distribution FR(Ein) for the injected energy are free parameters and are used to adjust the model to the observations.
Objects which are brighter than the sensitivity limit determine the resolved Log N-Log S while sources with ux values below that limit contribute to the EGRB. The unresolved blazar contribution to the EGRB then follows by summing up all unresolved AGN per solid angle of the whole survey.
For simplicity we neglect the variability of blazars. Since we use ux values which are averaged over phase 1 to 3 for modeling the Log N-Log S distribution, this may be acceptable. We also do not consider a possible intrinsic spectral di erence between BL Lacs and FSRQs (Pohl et al. 1997 ).
RESULTS
The parameter value of the minimum injected energy Ein;1 is mainly determined by the observed redshift distribution of the corresponding object class (see Fig.4 and 5) while the normalization 0 has a strong impact on the observed Log N-Log S-function (see Fig.2 and 3) . The Log N-Log S and redshift distributions of both, FSRQs and BL Lacs, were compared with our model distributions with a KolmogorovSmirnov test (KS-test). We derived satisfying representations for observed distributions. A compilation of the derived values for the free parameters can be found in Table   1 for a redshift cut-o at Zmax = 3 (model 1) and in Table  2 for a drop-o at redshift Zmax = 5 (model 2). In both models objects at a redshift of Z > 3 are not expected to be resolved by EGRET in harmony with the observations. With the knowledge of Ein;1 and 0 the distributions of the injected energy of BL Lacs/FR I and FSRQs/FR II can be constructed. The dynamical range of luminosity functions seems to be strongly restricted. FR I/BL Lacs are more numerous than FSRQ/FR II, but have less luminosity. The total luminosity of all FR I/BL Lacs is similar to that of all FSRQ/FR II though. As a consequence the background contribution of unresolved AGN is dominated by FR I/BL Lacs ( 70% ? 80%), while resolved radio-loud AGN are mainly FSRQs. With our model we can explain ' 20% ? 40% of the observed extragalactic -ray background as due to unresolved radio-loud AGN. If the redshift cut-o is assumed as Zmax = 5 this contribution increases to ' 35% ? 85% of which ' 80% ? 90% would be BL Lacs/FR I.
Padovani & Urry (1992) and found that a broken power law for the parametrization of the FR I-and FR II radio luminosity function describes the data best. At low luminosities the power-law function would be atter than the high-energy part used in our model. The change in power-law index would be similar for both classes of AGN ( = 1:4 for FSRQs and = 1:35 for BL Lacs). In case of FR I/BL Lacs this would not add to the total luminosity and therefore has no impact on our estimate. However, it would change the redshift distribution of observed AGN; most resolved objects would have small redshifts which is contrary to the data. Therefore do not consider a broken power-law for the energy input. Table 1 . The best-t parameters of our model for Zmax = 3 (model 1) together with the KS-probability for the statistical identity between the data and model Log N-Log S distributions (P NS ) and redshift distributions (P Z ). E in;1 and 0 are the low energy cut-o and the normalization of the injected energy distribution, respectively, and are the t parameters of our model. N is the total number of objects of each object class in the whole universe and 0 (in Mpc ?3 erg ?1 ) the normalization of the distribution (E i n Table 2 . The best-t parameters of our model for Zmax = 5 (model 2) together with the KS-probability for the statistical identity between the data and model Log N-Log S distributions (P NS ) and redshift distributions (P Z ). E in;1 and 0 are the low energy cut-o and the normalization of the injected energy distribution, respectively, and are the t parameters of our model. N is the total number of objects of each object class in the whole universe and 0 (in Mpc ?3 erg ?1 ) the normalization of the distribution (E i n). Sunres is the intensity (given in 10 ?6 photons cm ?2 s ?1 sr ?1 above 100 MeV and as fraction of the observed background radiation) due to the sum of unresolved BL Lacs/FR I and FSRQs/FR II while Sunres Sunres;tot gives the fractional contribution of each object class with Sunres;tot the sum of unresolved BL Lacs/FR I and FSRQs/FR II. The given uncertainties are derived by varying the number of resolved objects by p N. We predict that ' 35% ? 85% of the EGRB is due to unresolved AGN of which ' 80% ? 90% would be BL Lacs/FR I.
Comparing the total number N of BL Lacs/FR I and FSRQs/FR II from our model t with the observations in the radio band (see Padovani & Urry (1992) , ) reveals a signi cant underestimate of the number of BL Lac/FR I-objects while for the FSRQ/FR II population our model is in agreement with the radio observations. The total number of BL Lac/FR I-objects in the radio studies has been determined with a broken power-law luminosity function which is not used in our model. The \missing" BL Lac/FR I sources all have very low luminosity and presumably they would contribute only weakly to the EGRB.
The resulting spectrum of the extragalactic -ray background derived from our model follows a power law E ?2 during the whole EGRET-energy range for models with electron injection spectral index s=2 in the energy range up to = 10 6 . The model based on continuous electron injection gives a slightly smaller contribution to the background than in case of instantaneous injection, but predicts observable sources at slightly higher uxes. This is caused by the dependance of the antenna diagram on position of the radiating plasma blob in the jet for EIC -ray emission.
In the hard X-ray range the spectrum of our EGRBmodel changes its spectral shape depending on whether or not a low-energy cut-o in the injection spectrum is assumed. In case of instantaneous injection a break may also be caused by incomplete electron cooling. Our model predicts a signi cant attening of the Log NLog S distribution in the next two decades below the EGRET threshold (see Fig.6 ) and number counts of roughly 0:1 deg ?2 . The detection of roughly 10 2 ?10 3 more blazars c 0000 RAS, MNRAS 000, 000{000 with a telescope 10 times more sensitive compared to EGRET is expected.
CONCLUSIONS AND DISCUSSION
We have presented a model calculation of the contribution of unresolved blazars to the di use extragalactic -ray background. It is based on the uni cation scheme of radio-loud AGN and on an inverse-Compton model for the non-thermal -ray emission from blazar jets. We have considered two extreme cases for the electron injection into the jet: instantaneous injection at a xed distance above the accretion disk, and continuous electron injection along the jet axis.
Objects which are viewed at a large angle relative to the AGN jet axis and/or objects for which the amount of injected electron energy is low may fall below the EGRET sensitivity limit and contribute to the EGRB. We integrate the time averaged spectra of these objects over redshift up to Zmax = 3 and Zmax = 5. For the injected energy we use a power law distribution according to the FR-luminosity function. The convolution of a uniform distribution of viewing angles and a distribution of bulk Lorentz factors of the outmoving blob takes into account the beaming behaviour of the objects. We also consider a luminosity evolution which is observed for high-luminosity FR-radio galaxies. For simplicity we assume a power law index for the injected electron spectrum of s=2, and a xed luminosity for the ShakuroSunyaev-accretion disk luminosity of L0 = 10 44 erg/s. The free parameters of our model, the normalization and the low energy cut-o Ein;1 of the injected electron energy distribution, are constrained by the Log N-Log S-and redshift distribution of resolved BL Lacs/FSRQs.
Our model is in agreement with the properties of the observed luminosity distribution of EGRET-blazars. The strong variability of blazars can be taken into account if the sources are considered as independent at di erent times. The best t parameters of our background model can be found in Table 1 (model 1) and Table 2 (model 2). The resulting EGRB-spectrum due to unresolved blazars shows a power law shape which is slightly harder than the measured background spectrum. It may be deduced that the electron injection spectrum in the -ray emission model a slightly softer than the E ?2 we have used. In the MeV-energy range the EGRB-spectrum may be dominated by SNIa (Clayton et al. 1969 , Clayton et al. 1975 Hartmann et al. 1997 ) which would make a spectral break of the blazar contribution at MeV-energies necessary. Such spectral breaks can be produced either by incomplete cooling when the electron injection is assumed to occur instantaneously, or when the electron injection spectrum has a low-energy cut-o .
With our model only part of the EGRB can be explained as superposition of unresolved blazars. The blazar contribution depends on the assumed density evolution. If the volume density of blazars su ers a cut-o at Zmax = 3, 20%-40% of the background can be produced by blazars, and 35%-85% could be explained for a redshift cut-o at Zmax = 5. The typical EGRB-source is either weakly beamed or has a weak intrinsic luminosity of the blazar jet.
BL Lacs/FR I dominate the point source contribution to the EGRB, whereas the resolved sources are mostly FSRQs. If both classes would have di erent spectra, then the spectrum of the EGRB would also be di erent from the average resolved AGN. This may be one way to explain the nding that the observed background spectrum deviates signi cantly from the co-added spectra of all resolved AGN (Pohl et al. 1997 ).
The predictions of our model seem to be reliable for the FSRQ/FR II for which we nd a total number density similar to that deduced from radio source studies. But our model underpredicts the total number density of BL Lacs/FR I sources. The -ray emission model used in our study may not be ideally suited for BL Lacs anyway, since it is based on the assumption that the accretion disk provides the target photons for the inverse-Compton scattering and that the EIC-process is the main electron energy loss channel. BL Lacs are thought to have rather weak accretion disks which may imply that the SSC mechanism is the dominant -ray radiation process. If we therefore relax the conclusions for the BL Lacs/FR I objects, we end up with two possibilities depending on whether we underpredict or overpredict the BL Lac contribution: either unresolved AGN can not account for the entire EGRB or unresolved BL Lacs/FR I produce the observed background.
Our results can be compared with the results of a uctuation analysis of the summed EGRB-skymaps of phase I to III of the EGRET-mission (Willis 1996) . It has been found that at least 5-100% of the EGRB are unresolved pointsources, and 4-15% of the EGRB is caused by point sources in the ux decade below the EGRET detection threshold. This is in agreement with our results. We note, however, that the uctuation analysis is sensitive to all intensity variations, independent of the nature of the background sources. Unfortunately, the uctuation analysis turned out to be not quite restrictive which makes it di cult to distinguish between a further need of another class of background sources or the need of a truly di use emission as part of the observed background radiation.
The narrow range of the injected energy in our best-t background model, however, shows, that the -ray luminosity function at the low-luminosity range should not be signi cantly steeper than the assumed power law energy distribution in our model. Indeed, Chiang et al. (1995) found that a broken power law with index 2 = 2:6 0:4 for luminosities > 10 46 erg/s and 1 = 2:9 2:0 for the low-luminosity range with a luminosity evolution of (1 + Z) 2:6 describes the -ray luminosity function of EGRET blazars best. This luminosity distribution is within its observational uncertainties in agreement with the distribution in our model.
Recently, Chiang & Mukherjee (private communica-tion) found in an improved reanalysis of the EGRET-blazar luminosity function a signi cantly attening of the lowluminosity end ( 1 1:2) with roughly the same luminosity evolution. The integration of this -ray luminosity function over redshift up to Zmax = 5 yields an ' 25% blazar contribution to the EGRB. Note however, that this estimate concerns only the contribution of the blazar class which has viewing angles close to the jet axis, whereas our estimate of the point source contribution includes also objects with large viewing angles (i.e. radio galaxies) which we expect to be -ray emitter on a low ux level. Our model gives an estimate on the Log N-Log Sdistribution below the EGRET-sensitivity limit (see Fig.6 ). The bulk of intensity of the unresolved AGN is emitted by objects with uxes about ' 10 ?7 ? 10 ?8 photons cm ?2 s ?1 . We predict a signi cant attening of the Log NLog S-function in the two ux decades below the EGRETthreshold. This was also found on the basis of a uctuation analysis (Willis 1996) .
In this work we have not considered a possible spectral di erence between BL Lacs and FSRQs which could be considered by using di erent electron spectra for the two di erent object classes. Depending on the assumed electron spectra this could have a signi cant in uence on the shape of the resulting background spectrum. For clearity we have multiplied the spectrum for case (3) with a factor of 100 and the spectrum for case (1) with a factor of 0.01.
and sb = 1. For small this spectrum changes at 1.
Since the break in the electron spectrum depends on , spectral breaks s > 0:5 in the EIC-spectrum may be possible.
The behaviour of the equilibrium electron spectrum for the various injected electron densities re ects the energy dependence of the electron cooling. For = 3 the resulting electron spectrum is independent of the location of the plasma blob. For ease of exposition we will use only this case in our model. Our background model is based on inverse Compton scattering of accretion disk photons by non-thermal relativistic electrons in an out owing plasma blob as the dominant high-energy -ray emission process from blazars. This blazar model was rst proposed by Dermer & Schlickeiser (1992 
In general, the equation B2 has to be computed numerically. For an electron spectrum with a power law index s = 2, however, analytical expressions can be found for the photon ux using appropriate approximations.
For the purpose of an easy integration we approximate the integrands by simple polynoms using mainly Taylor expansions. The order of these expansions are chosen such that the integrated approximated function does not di er from the (numerically calculated) exact integral by more than ' 10%.
For the time-integration, the essential integral to be computed is (with provisionally omitting the Heavyside conditions and all constants): I(R; z; s ) = Z z(t 0;rec + t) Figure B2 . Ratio of the approximated to the exact value of z crit depending on the radius R of the accretion disk for z i = 100, ? = 10, s = 9 and E = 0:1 MeV (solid line), E = 1 MeV (dotted line) and E = 100 MeV (dashed line). for t 0;rec < t i;rec^t 0;rec + t < t i;rec = 0 for zc < z(t 0;rec ) = I(zc) ? I(z(t 0;rec )) for z(t 0;rec ) < zc < z(t 0;rec + t) = I(z(t 0;rec + t)) ? I(z(t 0;rec )) (B21) for z(t 0;rec ) < z(t 0;rec + t) < zc: In order to calculate the photon ux > 100 MeV in the EGRET-energy range (100 MeV to ' 10 GeV) we consider the energy integration over the time integrated photon ux for the EIC-process. (B27) and hence for the instantaneous EIC-photon spectrum in c 0000 RAS, MNRAS 000, 000{000
